Negative chemical ionization mass spectrometry with a mixture of isobutane, methylene chloride, and oxygen as the reagent gas has been used to explore contamination of environmental substrates with xenobiotic chemicals. The substrates in question, fish tissue, human seminal plasma, and human adipose tissue, were cleaned up by one of the following three cleanup procedures: (1) continuous liquid-liquid extraction steam distillation; (2) gel-permeation chromatography; and (3) adsorption on activated carbon followed by elution with toluene. The third procedure was used only for the examination of planar polychlorinated aromatic hydrocarbons in environmental samples. Using these techniques, we have found evidence for contamination of fish samples with polychloronaphthalenes, polychlorostyrenes, polychlorobiphenyls, polychlorodibenzofurans, and polychlorodibenzodioxins among other chemicals. The polychlorodibenzodioxins appeared only in the spectra of extracts of fish obtained from the Tittabawassee River at Midland Michigan. The polychlorodibenzofuran ions appeared in NCI mass spectra of fish that were significantly contaminated (above 2 ppm) with polychlorobiphenyls. Toxic substances occurring in human seminal plasma included pentachlorophenol, hexachlorobenzene, DDT metabolites, and polychlorobiphenyls. We have investigated toxic substances in human seminal plasma because of the apparent decrease in sperm density in U.S. males over the last 30 years.
Introduction
Xenobiotic chemicals are chemicals that are foreign to biology. In common usage, the term xenobiotic also connotes a hazard to biology. Manmade toxic substances, xenobiotic chemicals, span the range from analogs of alkaloidal poisons to ther thermal electrons or thermalized gas-phase nucleophiles to form anionic complexes in the gas phase. A considerable selectivity in detection arises from the fact that biomolecules, in contrast to toxic substances, do not in general attach thermal electrons or gas phase nucleophiles. This feature of biomolecules is simply a result of the fact that biologicals are highly reduced and have in general a very large number of high-energy electrons. Electron affinities for biomolecules are generally negative, in contrast to those of commonly occurring toxic substances and proximal carcinogenic agents. There are exceptions to the generalization noted above; these include free fatty acids, which attach gas phase nucleophiles very readily, and molecules from the electron transport chain such as the cytochromes which will readily attach thermal electrons. It is generally not difficult to separate carboxylic acids or molecules from the electron transport chain from residues of xenobiotic chemicals that one wishes to investigate.
Before embarking on a study of toxic residues in human samples and items from the food chain, it is necessary to come to grips with the question of "levels of concern". A "zero" tolerance limit for carcinogenic substances in the food chain or humans is a completely unscientific statement because this statement is neither qualified by the sensitivity of the analytical methodology available or the toxicological effect of the substance at any stated level. The generally accepted dictum that "there is no threshold dose for a carcinogen" must be tempered with the knowledge that there is a level below which the dose is insignificant when compared to the background dose; i.e. cosmic radiation, natural radioactivity, and ubiquitous fungal toxins. Aflatoxin-B, a molecule which is virtually as toxic as TCDD, exists in selected items in the food chain at levels approaching 10 ppb.
One analysis that may shed light on the question of "levels of concern" is the number of molecules per cell that one can find in a bio-sample at different levels of contamination. For a molecule with a molecular weight of 300 daltons a concentration of 1 ppt in a mammalian tissue sample amounts to approximately two molecules per cell (1) . It is our contention that with the exception of exceptionally toxic molecules, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), these levels in human cells are below the level of concern. Partper-trillion levels in environmental samples from either the food chain or the water supply may be of concern in view of the fact that bioconcentration factors for many substances, e.g., octachlorostyrene, are of the order of 106 (2).
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With the considerations above we have decided to set the level for our toxicological screening of human samples at 1 ppb. This level corresponds to roughly 1000 molecules per cell and for molecules with significant toxicity it is definitely a "level of concern". For items from the food chain and the water supply, lower levels may be important, particularly in attempts to define the origins of the human contamination that becomes evident in a screening program.
In order to take advantage of the differential sensitivity to anion-forming reactions that exist between xenobiotic molecules and the molecules of biology, we have been employing negative chemical ionization (NCI) mass spectrometry as the primary analytical tool in our screening program. Depending upon the analytical objective, we employ one of two different reagent gas mixtures, namely: isobutane with traces of oxygen (3) or methylene chloride with traces of oxygen (4) . The dominant ionization processes that occur in both of these gases are listed in Eqs. (1) - (5) .
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(
Anion association: M + X-* MXDeprotonation:
Oxygen exchange:
Methylene chloride appears to give the best results for screening for aliphatic polyhalogen compounds such as are found in technical grade chlordane. Hydrocarbon-oxygen mixtures appear to have higher sensitivity for detection of aromatic polyhalides and polynuclear aromatic hydrocarbons. Since we have been concerned with food chain contamination with aromatic polyhalides such as TCDD, most of the work described below has been done with isobutane-oxygen mixtures. Detection limits using these conditions are ca. 1 ng; i.e., 1 ppb for a 1 g sample.
Sample cleanup, the separation of the molecules of interest from the matrix in which they are Environmental Health Perspectives found, is a crucial part of any screening effort. Obviously, the fewer the number of steps in the cleanup procedure, the more likely acceptable recoveries will be obtained and the less likely contamination of the sample will occur. The screening efforts reported here have used either continuous extraction or steam distillation (5) for initial extraction. Gel-permeation chromatography (6) or adsorption chromatography with activated carbon (7) have been used as subsequent cleanup steps. We have attempted to avoid the use of adsorption chromatography because of generally low recoveries of polar xenobiotic molecules such as pentachlorophenol. Activated carbon-coated polyurethane adsorption chromatography was used for the highly selective isolation of planar aromatic hydrocarbons such as polychlorinated dibenzo-p-dioxins and dibenzofurans (7) where interferences such as polychlorinated biphenyls can severely complicate the analytical procedure (8 The resulting oil was concentrated to 1.0 ml for GPC. The GPC system is similar to the system described by Kuehl and Leonard (6) by using a 1.0 cm x 50.0 cm column of Bio-Rad SX-8 at a flow rate of 2.0 ml/min cyclohexane/CH2Cl2. A Varian UV detector (254 nm) was used to monitor the column effluent.
Cleanup Procedure for Planar Aromatic Hydrocarbons
A fish sample (25 g) was mixed thoroughly with 100 g of anhydrous sodium sulfate, packed in a glass column and extracted with 250 ml of methylene chloride. The solvent was removed by rotary evaporation and the extract subjected to gel-permeation chromatography (GPC). Extract, 1 g or less, was chromatographed on 60 g of Bio-Beads S-X3 in a 2.5 x 48 cm column by using a mixture of cyclohexane and methylene chloride (1:1) . The 160 to 220 ml fraction was collected, as previous work had shown that this fraction contained all contaminant residues of interest (6). Figure 1 .
ume of 50 ,ul and analyzed by either electron capIn a typical experiment, 250 mg of fresh adi-ture gas chromatography or negative chemical iose tissue were macerated with 100 ml of 10% nization mass spectrometry with isobutane/ Ifuric acid in a Vertis blender. The homogenate oxygen being used as the reagent gas. was warmed at 80°C for 40 min and then steamdistilled into 2 ml of distilled-in-glass 2,2,4-trimethylpentane. After 1 hr of steam distillation, the aqueous and isooctane layers were removed from the steam head and separated by use of a Pasteur pipet. Samples were concentrated by using a Snyder column and either examined directly by NCI mass spectrometry or subjected to gel-permeation chromatography prior to analysis.
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Results and Discussion
Cleanup Procedures
The cleanup procedures used in this study are both very simple and quite selective for separating xenobiotic chemicals from tissue and other environmental matrices. In previous studies (9) Environmental Health Perspectives Figure 3 .
The combination of gel-permeation chromatography followed by carbon-foam adsorption chromatography provides a cleanup procedure that is exceptionally selective for planar aromatic hydrocarbons and their polychlorinated analogs. The elimination of nonplanar molecule interferences substantially enhances the sensitivity for detection of small amounts of planar polyhalogenated polynuclear aromatic hydrocarbons.
Negative Chemical Ionization Screening, Fish Samples
The NCI mass spectrum of an extract of Lake Ontario trout which appears in Figure 3 is fairly typical of the spectra that one obtains from samples of large fish from contaminated waters. The ratio of the ion clusters for pentachlorophenoxide and tetrachlorophenoxide in this sample is roughly 5.8 (m/z = 263:m/z = 229). This ratio is about a factor of 2 higher than the ratio of pentachlorophenoxide to tetrachlorophenoxide in the NCI mass spectrum of Dowcide G. The additional ion current due to pentachlorophenoxide in this spectrum is the result of the oxygen exchange reaction [reaction (5) Figure 5 is dominated by the oxygen exchange ions from the polyhalonaphthalenes at m/z = 297, 313, and 347. The concentrations of the polychlorodibenzofurans in this sample with reference to the polyhalonaphthalenes must have been roughly one-half that shown in the spectrum in Figure 4 . (29) 1978 260
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' Wives pregnant at the time chlorophenols (14) (15) (16) (17) . Public discussion has suggested that the polychlorodibenzodioxins that appear in the environment may have their origins in the combustion of organochlorine compounds (18) . While the environmental hazard associated with combustion of organochlorine compounds is clearly real (14) (15) (16) (17) , it seems unlikely that simple combustion was responsible for the unique occurrence of polychlorodibenzodioxins in fish from the Tittabawassee River. The very general occurrence of polyhalonaphthalenes in the fish samples indicates a more wide-spread contamination of the biosphere with these compounds than we had previously suspected. Polyhalonaphthalenes have physical and 
NCI Screening of Human Seminal Fluid
There is evidence in the literature that male fertility potential in the United States has decreased significantly in the period since 1951. Table 2 summarizes the results of a number of investigations (19) (20) (21) (22) (23) (24) (25) (26) (27) 1951 ranged from 100 to 145M/ml. Reports subsequent to 1970 have indicated a range of average sperm densities for United States males between 48 and 80M/ml. There are a number of ways of reporting sperm densities; logarithmic scales have been suggested, and median values have been used in the place of mean to offset the effect of a small number of samples with high sperm density on the appearance of the density distribution. Regardless of the means of presentation, the data in Wyrobek has shown that sperm density decreased approximately linearly (28) and the number of abnormal sperm cells increased approximately linearly (29) with the number of tobacco cigarettes smoked per day. In the same study, mutagenic agents were shown to increase significantly the number of abnormal sperm and decrease sperm densities in mice. The existence of the testicular membrane barrier, which is analogous to the blood-brain barrier, makes it difficult to interpret cases in which mutagens do not have a significant impact on either sperm density or sperm abnormalities.
Our approach to the study of toxic substances and sperm density is analytic. We hope to obtain a sufficient body of data using NCI screening to be able to make meaningful correlations between the appearance of specific toxic substances and low sperm densities. The cleanup procedure that we have used is steam distillation from an acidified sample. Figure 8 presents the electron capture gas-chromatogram from a steam distilled sample of human seminal fluid and a procedural blank. The large peak with a retention time of approximately 11 min. corresponds to p,p'-DDE. Figure 9 illustrates an NCI mass spectrum (isobutane/oxygen) of a similar seminal fluid extract. It is interesting to note that DDE does not appear in this spectrum, although it certainly existed in the sample; however, the p,p'-DDMU was identified at much lower levels. The differential sensitivity for DDE as compared to DDMU is very likely due to the higher electrical symmetry of DDE. The spectrum in Figure 9 illustrates the presence of polychlorophenols and polychlorobiphenyls in this sample, along with a number of unidentified ions. The Cl5 ion cluster at m/z = 323 appeared fairly frequently in our study of human urines (30) . This ion may be the chloride Table 3. Table 3 is a dot matrix in which a dot indicates the presence of a given ion in an extract of a seminal fluid sample. Sperm density in the seminal fluid samples increases to the right in Table 3 , and ionic clusters observed in the NCI mass spectra increase in mass going down the table. The columns labeled B-1, B-9, and B-11 are procedural blanks. Ions corresponding to hexachlorobiphenyl, heptachlorobiphenyl, and m/z = 463 appeared in the blanks; however, the intensities of these ions were at least a factor of 10 below the intensities normally observed in the seminal fluid samples. It is obvious that we will have to examine a large number of samples before we can make significant statements concerning low sperm densities and the occurrence of individual contaminants or groups of contaminants in the samples.
Screening of Human Tissues For Contamination
We have been applying NCI screening, after a steam distillation cleanup, to human tissues that have been obtained in Medical Examiner autopsy cases. In this screening program we are attempting to establish base line data for human contamination which should be directly complementary to the data that are currently being collected in the EPA human monitoring program. Figure 10 illustrates the NCI mass spectrum of a steam distillate of human adipose tissue. The bulk of the ion current at m/z = 263 in Figure 10 is due to the oxygen exchange reaction occurring on hexachlorobenzene. Oxygen exchange ions appear for the polychlorobiphenyls with five to eight chlorines. The prominent occurrence of nonachlor, chlorodane, and heptachlorepoxide are coincident with findings in the human monitoring program (31) . DDE appears in the overlapped set of ion clusters at m/z = 351. 
